K3(Mn-(III)-chlorin e6) acetate, a water-soluble chlorophyll derivative with manganese as central atom was prepared. The influence o f reducing agents, light, and bicarbonate on the oxida tion states of manganese in the chlorin complex was investigated. In alkaline solutions the central Mn3+ was reducible to Mn2+. The illumination of the partially reduced complex first accelerated the reduction (light reduction: Mn3+ -> Mn2+), which was then followed by a strong reoxidation (light oxidation: Mn2+ -* Mn3+) continuing after switching off the light. This redox effect o f light was obtained only in presence o f hydroxylamine as reducing agent. Illumination time, intensity, and frequency had an influence on this effect. In the light/dark change the process was reversible. In regard to the requirement of manganese for the photosynthetic oxygen evolution the observed valence change o f manganese in the chlorin complex was compared to the supposed reaction mechanism on the donor side o f photosystem II.
Introduction
It is known, that manganese is involved in photo synthesis. McHargue [1] proved, that the synthesis of chlorophyll depends on manganese. Pirson [2] showed the influence of manganese on photosyn thesis o f Chlorella. Gerretsen [3] proposed a partici pation o f the redox system Mn2+/M n3+ in the evolu tion o f the photosynthetic oxygen. A direct light de pendent oxidation of Mn2+ to Mn3+ in chloroplast sus pensions was observed by Kenten and Mann [4] , Cheniae and Martin [5] pointed to the existence o f , two manganese pools and their requirement for maxi mum quantum efficiency of oxygen evolution. Both pools are different in function; but both are located on the oxidizing side o f system II. Keller and Bachofen [6] supposed bound manganese in the protein fraction of the chloroplasts. Indeed, metal protein complexes were isolated in the last years' (Lagoutte and Duranton [7] ; Holdsworth and Arshad [8] ). Kok et al. [9] proposed a model for the oxygen evolution, in which a photochemically activated in termediate accumulates four oxidation equivalents before it reacts with water and evolves oxygen. As manganese can exist in different oxidation states, it might play a central role in charge accumulation. According to Wydrzynski et al. [10] only one third to Reprint requests to Dr. Günter Lazar.
0341-0382/80/0500-0470 $01.00/0 one fourth of the loosely bound manganese is pres ent in dark-adapted chloroplasts as Mn2+. The re mainder is present in a higher oxidation state, probably as Mn3+. Renger [11] suggested a mecha nism, in which the cooperation of two double oxidized functional groups in the secondary donor system Mn is assumed to be the essential step for the oxygen evolution. Electron paramagnetic resonance measurements performed by Blankenship and Sauer [12] led to a model in which 60% of the total manganese of the chloroplasts are loosely bound, whereas the remaining 40% are tightly bound in the thylakoid membrane. Wydrzynski and Sauer [13] showed that after a series of flashes of light the Mn(II) released by heat treatment oscillates over periods of four flashes. They chose a binuclear manganese complex as a model to interpret the data in terms of the present four-step mechanism for oxygen evolution. Manganese is successively oxi dized in the first two steps, followed by a partial reduction in the third step.
These facts make it conceivable that manganese is complexed with protein, which is bound to the chlo roplast membrane. At present there exists no detailed information about the molecular environment of manganese. It is therefore not surprising, that al ready several years ago synthetic manganese com plexes were thought to evolve molecular oxygen from water. Thus a number o f metal-chelate com plexes with biologically important ligands was pre- Up to now it has not been possible to detect a manganese porphyrin complex in plants. It was therefore only possible to study an artificial prepara tion. Especially suitable seemed the manganese chlorin complex, first synthesized by Glikman and Zabroda [16] , because the porphyrin ligand o f this water-soluble complex can be gained from plant material.
The purpose o f the present investigation was to prepare and to characterize this compound in more detail, to measure its photoreactions and to in vestigate a possible influence on the change o f the manganese oxidation state by bicarbonate. This is to provide insight into the supposed reaction mecha nism on the donor side o f photosystem II.
Materials and Methods

K3
(Mn-(III)-chlorin e6) acetate was prepared from chlorophyll a isolated from the blue-green alga Anacystis nidulans, which was cultivated on a large scale (Jüttner et al. [18] ). Extraction of chlorophyll a was performed by methanol. The pigment was purified of yellow pigments by shaking a methanol extract with petroleum benzine (boiling range: 4 0 -6 0 °C); 100 ml 2.5 m NaCl solution and 180 ml petroleum benzine were added to 400 ml methanol extract. hydroxylamine. It does not affect the reduction in the dark before the light period. After switching on the light the reduction is higher in the sample con taining bicarbonate (Fig. 7) . After one minute of illumination the light oxidation is stronger in the bicarbonate-free sample than in the HCOj-containing one. In the dark period the back reaction is stronger in the bicarbonate-free sample. If the differences are significant, light has at first a larger reductive, then a weaker oxidative influence on the bicarbonate-containing sample than on the bicarbonate-free control, i. e. N aH C 03 causes a stronger reduction. 
